Most often during the processing of lime fruits for essential oil extraction, rotten fruits are used along with ripe ones. In this study, we examine the volatile constituents of the essential oils from both ripe and rotten lime fruits (Citrus aurantifolia Swingle) from Nigeria. The oils were isolated by hydrodistillation and analyzed using GC-MS. The ripe and rotten lime oils contained 55 and 49 components, respectively. Both oils were rich in limonene (21.0%, ripe lime; 21.3% rotten lime), α-terpineol (11.7%, ripe; 14.1%, rotten), γ-terpinene (8.3%, ripe; 8.9% rotten lime), α-terpinolene (2.5%, ripe; 8.5%, rotten) and (E)-α-farnesene (6.3% ripe lime; 4.8% rotten lime). The other major components, α-pinene (11.1%), and linalool (5.5%) were identified in ripe lime oil only. Limonene and citral, which are believed to be the two major citrus odour contributors, were present in both ripe and rotten lime oils. Aldehydes like decanal and the farnesenes, which are also important in citrus flavor, were represented in both lime oils. Some notable components of ripe lime fruit oil, like trans-β-ocimene, linalool, myrcenol, dodecanal, trans-β-bergamotene and trans-γ-bisabolene, were absent in the rotten fruit oil. It could be suggested that some compounds like cis-ocimene, trans-linalool oxide, p-mentha-3-en-1-ol, mentha-1,4,8-triene, citronellal, trans-β-bergamotene and α-copaene, which were not identified in the ripe fruit oil, were introduced into the lime oil by the incorporation of rotten fruits in the distilled samples.
Citrus aurantifolia (syn. C. medica var. acida and C. latifolia) is a member of the Rutaceae family. The species originated from southern Asia and spread to almost all parts of the world, especially Italy, the West Indies and the Americas [1] . The fruits produce a commercial essential oil (lime oil) that is therapeutically energizing with a sweet fragrance. The oil restores vigor and aids recovery during convalescence. It also has an astringent tonic action on the skin. Lime oil is beneficial to the immune system, easing infection in the respiratory tract, relieving pain in muscles and joints, while revitalizing a tired mind and banishing the feeling of apathy, anxiety and depression [2] . Commercially, lime oil is used to flavor ginger ale and cola drinks and is also used in the perfume industry.
The production of lime oil from the fruits of C. aurantifolia often involves the use of large quantities of the fruits. The fruits may be stored for some time before processing, hence the possibility of some rotten fruits being used along with the ripe ones. It has been observed that storage of limes containing rotten fruits significantly affects the volatile compounds from such fruits, thus compromising the quality of their essential oils. The main changes during fruit storage in bags are increases of methanol and ethanol concentrations and decreases of 1-penten-3-one, trans-2-hexenal and cis-3-hexenyl acetate concentrations [3] .
The monoterpene, limonene is reported as the major volatile component of the essential oil from C. aurantifolia [4, 5] . Other significant components are -pinene, β-pinene, myrcene, terpinolene, linalool, and citral, along with traces of neral acetate and geranyl acetate [6] . A number of sesquiterpenes, α-santalene, α-amorphene, epi-β-santalene, β-sesquiphellandrene, 4(14),7 (11) Afolayan & Asekun bicyclogermacrene have also been reported to be present in lime oil [7, 8] . Generally, the quality of lime oil is related to the content of total aldehydes, and in particular, citral, which is in the region of 5% [9, 10] .
In this paper, we compare the chemical profiles of the essential oils distilled separately from ripe and rotten lime fruits with a view to identifying possible contributions from the rotten fruit oil to the final lime oil. Although the quality of essential oils from fruits depends on a number of factors, including fruit characteristics, ripening, storage conditions and processing technologies, we believe that the volatile and semi-volatile organic compounds present in the fruits are responsible for the fruits' flavor that influences the consumer's preference. Thus, a deepened knowledge of chemical features, together with an insight of the biosynthetic pathways of fruit flavoring compounds, may be very useful in the design and production of quality essential oils.
A total of 64 components were identified in the essential oils of ripe and rotten fruits obtained from C. aurantifolia. Out of these, 40 components were found common to both oils (Table 1) , and 10 were found only in the essential oil of the ripe fruits (Table  2) , while the essential oil distilled from the rotten limes contained 14 components that were not present in the ripe fruit oil (Table 3) . In other words, 55 compounds were observed in the essential oil of the ripe fruits (94.5%), while the essential oil from the rotten fruits consisted of 49 compounds, which represented 90.1% of the total oil.
The oils consisted of monoterpenoids, sesquiterpenoids and aliphatic alkanes, aldehydes, acids and esters. Limonene and citral, believed to be the two major citrus odor contributors [7, 8] , were present in both ripe and rotten lime oils, although the concentration of citral was higher in the rotten lime oil. Aldehydes and the farnesenes, also important lime oil flavor contributors [9, 10] , were identified in both oils, even though the concentration of decanal decreased significantly in the rotten lime oil. The concentrations of 3-cyclo-1-acetaldehyde, hexadecanal and octadecanal were found in smaller quantities. It was remarkable that the content of limonene, the principal component of the fruit lime essential oil, was similar in the ripe and rotten oils (21.0%, 21.3%). Other compounds present in significant quantities in both oils included These results have shown that the rottenness of the lime fruits does not affect the availability and content of these important components of the oil. Hence, the distillation of rotten lime fruits together with the ripe ones has no significant effect on the major components that define the quality of the oil, although, it may affect the amounts of some of the other components of the essential oil of lime fruits.
Some important volatile components of lime oil like linalool (5.5%), trans-α-bergamotene (4.2%) and dodecanal (0.8%) were present in the ripe oil but absent from the rotten oil. The absence of these compounds does not affect the quality of the oil, since rotten fruits are not expected to be used for processing of the essential oil. Minor components of lime oil, like trans-linalool oxide, myrcenol, terpineol, cyclofenchol, β-elemene, β-selinene, δ-cadinene and aromadendrene were also identified in the ripe lime oil only.
Experimental
Ripe and rotten fruits of Citrus aurantifolia were collected separately from a local market in Ilaro, Ogun State, Nigeria (February, 2007) . Each fruit was manually peeled and the rinds of the ripe and rotten fruits were separately macerated and hydro-distilled for 3 h using a Clevenger -type apparatus, according to the US Pharmacopoeia [11] . The essential oils were collected separately in n-hexane. Each oil sample was dried over anhydrous sodium sulfate (Merck, Germany). The oil samples were stored in a refrigerator (4°C) until GC/MS analysis.
The oils were subjected to GC-MS analysis, performed on a Hewlett -Packard HP 5973 mass spectrometer, which was interfaced with an HP -6890 gas chromatograph. The following column and temperature conditions were used: initial temperature 70 o C, maximum temperature 325 o C, equilibration time 3 min, ramp 4 o C/min, final temperature 240 o C; inlet: split less, initial temperature 220 o C, pressure 8.27 psi, purge flow 30 mL/min, purge time 0.20 mm, gas type helium; column: capillary, 30 m x 0.25 mm i.d., film thickness 0.25 μm, initial flow 0.7 mL/min, average velocity 32 cm/s; MS: EI method at 70 eV. The mass range was between 40 and 400. Identification of the components of the volatile oils was achieved by comparison of MS data with those of standard samples held in the computer library and literature [12] .
